AAll eggs wer P = 0.05 < 0.10, chi-square value at P = 0.05 is 3.84, with the tabular value for total dy CAdministered in dosage of 10 pg/day for five days.
DSignificantly higher than for Group 4.
This content downloaded from 137. (16) . The question of whether sublethal dosages of a pesticide would increase an animal's susceptibility to a parasite or enhance the pathological effects of the parasite upon the host was investigated. Specifically, we examined whether sublethal dosages of the insecticide Sevin, at levels that might be encountered in nature because of crop dusting, treatment of forage, or contamination of drinking water, would increase the susceptibility of bobwhites to Histomonas meleagridis. Sevin was selected because it is commonly applied and is considered relatively safe (7). The dosages were based on concentrations that can be encountered in nature (7) .
MATERIALS AND METHODS
Equal numbers of young adult male and female qu from 121 to 285 grams (average weight, 200 g) were a private game farm at Hutchinson, Kansas. They w intranasally with Newcastle vaccine (B1 type, B1 str 5-tier floor cages, and fed a commercial ration. Ten birds were selected at random and necropsied to determine that they were not parasitized with heterakids or histomonads.
Heterakid eggs were embryonated and given per os to quail by established methods (5, 6) . The stock insecticide was a wettable powder 1:1 (w/w) Sevin: acidified Pike's Peak Clay. Fifty milligrams of active insecticide suspended in 500 ml of distilled deionized water gave a concentration of 100 /g of insecticide per 1 ml of water. Desired dosages of Sevin were administered per os through a calibrated pipette. Group 1. Ten birds given neither heterakid eggs nor insecticide were kept as controls to monitor possible influences of laboratory conditions. Group 2. Each of six birds was given a total of 1,000 (?100) embryonated heterakid eggs, at 200 (+20) eggs/day over five days (Table 1) . That dosage is ample for transovarian transmission of Histomonas meleagridis (9, 11, 12) . The repeated administration of several small dosages of Heterakis gallinarum eggs provided the best conditions for obtaining burdens of larvae or adults (2, 19) . Dosages of heterakid eggs beyond 1,000 m of adult heterakids resulting in low worm All birds were individually examined at death, or when the experiment terminated, for heterakids, histomonads, damaged ceca, and liver lesions.
Group 3. Six quail were given Sevin at 10 )g/day for five days before being killed 25 days post-treatment. Their livers and ceca were examined for pathological effects.
Group 4. Twenty-two quail were given 100 to 5,000 embryonated eggs of H. gallinarum at dosages shown in Table 1 . Initial egg administration began one day before administration of the insecticide and continued in equal increments (daily for 5 days) until all eggs were given. The insecticide was given as a single dose according to the schedule in Table 1 . At 25 days post-treatment (or at death), liver and cecal contents were examined for histomonads and heterakids.
Positive confirmation of the presence of the protozoan Hi monas meleagridis for all experimental groups was by microsc examination of fresh cecal and liver contents from suspect bi Further confirmation was by anal inoculation of turkeys using liver and cecal materials from infected birds employing established techniques (11) .
Group 5. Twenty-two quail were treated like those in Group 4, except that Group 5 birds received 10 fg of Sevin as a single dose before being given dosages of from 100 to 5,000 heterakid eggs. The nematode eggs were administered in equal increments within a five-day period ( Table 1 ). The quail were necropsied upon terminating the experiment or on earlier death.
The data were analyzed using chi-square (Yates correction factor).
RESULTS
Group 1. The quail remained in good condition throughout the study. There was no extraneous laboratory infection by heterakids or histomonads (Table 1) .
Group 2. All quail had cecal histomonads, but none had pathological evidence of histomoniasis ( (Table 1) .
Group 5. Dosages of 10 jug of Sevin and 100 or 500 heterakid eggs produced inconsistent pathological evidence of histomoniasis ( Table 1) . Doses of 1,000 or more heterakid eggs along with 10 ppm of Sevin produced pathological histomoniasis. Numbers of quail dying in this group and those dying in Group 4 differed significantly (P < 0.05). Times of deaths post-treatment did not differ significantly between Groups 4 and 5. Except for cecal histomonads, incidence of pathological factors was significantly higher in Group 5 than in Group 4 ( Table 1) .
DISCUSSION
The present study showed that low dosages of Se crease the susceptibility of bobwhites to Histomon by allowing them to become susceptible to strains o to which they are normally refractive. Our quail t of Sevin, but as little as 10 jg in the presence of c caused fulminant histomoniasis and death.
The Environmental Protection Agency has established 100 ppm (equivalent to our dosage of 100 1ug) as the maximum residual tolerance level of Sevin on forage crops (day of application). Depending upon environmental conditions, its half-life is 3-7 days, so the insecticide can exist in nature at dosages we used.
One possible explanation for the results we obtained may be that H. meleagridis, normally nonpathogenic in quail, may become pathogenic as a result of damage to cecal mucosal cells during detoxification of the insecticide (16) . This could allow the protozoan entrance to an environment from which it is normally excluded by the cecal mucosa. The parasites rapidly invade the liver, destroying the organ or decreasing its ability to detoxify the insecticide.
The characteristic cecal lesions of histomoniasis are caused by the physical and enzymatic activities of the parasite during after penetration through the cecal mucosa. This penetration r sults in hemorrhage, leukocytic infiltration, and necrosis of the cecal lining at foci of infection. The resulting lesions are characterized morphologically as inflamed, ulcerated areas that enlarge and anastomose as the disease progresses. As the necrotic tissue is sloughed into the cecal lumen, it forms a h material, precluding its elimination from lation of this material and thickening of the cecal walls causes gross enlargement, inhibiting cecal function (18).
About the 6th day postinfection, small, whitish, pinpoint spots appear on the liver. These spots are produced when the histomonads invade the liver via the blood supply from the cecum. Liver lesions are disc-shaped and have depressed white to reddish centers. As the disease progresses, these lesions may anastomose to cover most of the liver surface. Similar lesions are occasionally produced in the heart, lungs, kidneys, spleen, and pancreas.
Normally the bobwhite is unimportant in contaminating poultry ranges or yards with Heterakis gallinarum or Histomonas meleagridis, but they may become infected with these parasites when close to poultry yards (4, 13) . Heterakis gallinarum has been reported in bobwhites in the wild (4, 12, 15, 17) , but they are only conditional hosts for this nematode: histomoniasis provides an unfavorable environment for heterakids (13) . The use of a chicken strain of heterakids not well adapted to quail to transmit histomonads may explain why no adult H. gallinarum were recovered.
The pretreatment of Histomonas meleagridis with Sevin before infecting quail with histomonads was not undertaken. The parasite system we used does not readily or directly lend itself to this type of an approach, since H. meleagridis is transovarially transmitted to hosts via the eggs of Heterakis gallinarum. It is not known which nematode eggs contain the protozoan, nor has it been possible to routinely isolate them from the eggs. Thus, determining what effect the insecticide was having upon the protozoan was not possible. At best, pretreating histomonads in eggs with Sevin would be indirect. Since nematode eggs are somewhat resistant to environmental factors (heat, dessication), the insecticide would probably not penetrate the egg shell at the concentrations used. Future work should be done on the ability of Sevin to penetrate the egg shell in order to determine whether Sevin is directly affecting the pathogenicity of Histomonas meleagridis rather than causing some damage to the host.
The simultaneous variation of two variables (heterakid eggs and Sevin dosages, Group 4 only) as one approach to a portion of this problem was necessitated because of the inability to obtain large numbers of adult bobwhites for experimentation. This phase of the experiment attempted to correlate heterakid egg dosages
